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S2.
BET study of the epoxidation reaction of R-carvone 8 with peracetic acid 9. S6. Figure S1with the phases in which the molecular mechanism of the most favourable reaction path associated with the monoepoxidation of R-carvone 8 with peracetic acid 9 is divided.
S7
Scheme S1with the representation of the bonding changes taking place along the most favourable reaction path associated with the monoepoxidation of R-carvone 8 with peracetic acid 9 by Lewis-like structures arising from the topological analysis of the ELF. S8 Table S1 with ELF valence basin populations, GEDT, relative energies, percentage of reaction progress and distances of the breaking and forming bonds, of the IRC structures S1 -S17 defining the sixteen topological phases along the most favourable reaction path associated with the monoeoxidation of R-carvone 8 with peracetic acid 9. S9 Table S2 with theB3LYP/6-311G(d,p) enthalpies, entropies and Gibbs free energies, computed at 25 ºC and 1 atm in DCM, for the stationary points involved in the reaction of R-carvone 8 with peracetic acid 9. S10 B3LYP/6-311G(d,p) computed total energies, single imaginary frequencies and cartesian coordinates, in DCM, of the stationary points involved in the reaction of R-carvone 8 with peracetic acid 9.
Electronic Supplementary Material (ESI) for RSC Advances. This journal is © The Royal Society of Chemistry 2019 S2
BET study of the epoxidation reaction of R-carvone8 with peracetic acid 9
The so-called Bonding Evolution Theory 1 (BET) has proven to be a very useful methodological tool to achieve a better understanding of bonding changes in organic reactions. This approach allows characterising the bonding changes along the reaction path and, consequently, to establish the nature of the electronic rearrangement associated with a given molecular mechanism. Thus, in order to understand the CO bond formation along in this epoxidation reaction, a BET study along the most favourable reaction path of the epoxidation reaction of R-carvone8 with peracetic acid 9
was carried.The phases in whichIRC of the molecular mechanism of the epoxidation reaction is divided is giving in Figure S1 . A representation of the bonding changes taking place along reaction path by Lewis-like structures arising from the topological analysis of the ELF is shown in Scheme S1. The populationsof the molecular regions directly involved in the reaction, among other relevant parameters, of the selected structures of the IRC, Si, defining the different topological phases are gathered in Table   S1 .
The topological analysis of Electron Localisation Function 2 (ELF) at the first structure S1of the reaction path reveals that theO12O13single bond of the peracetic acid 9 presents a very low electron population of 0 should be mentioned that the electron density of the broken O12O13single bond is mostly gathered at the O13 oxygen, whose population increases by 0.50 e, while the O12 oxygen already has 4.86 e at the first structure S1. After that, the electron density at these two nuclei is redistributed, the total population belonging to the O13 oxygen remaining almost constant until the end of the reaction.It is interesting to emphasize that the bonding changes at the acyloxy system follow the expected behaviour associated with the formation of acetic acid 11; the population of the C10O12single bond, integrating 1.64 e at S1[V(C10O12)], increases throughout the reaction path to 2.45 e, Me S16 Scheme S1.Representation of the bonding changes taking place along the most favourable reaction path associated with the monoeoxidation of R-carvone8 with peracetic acid 9by Lewis-like structures arising from the topological analysis of the ELF. Table S1 . ELF valence basin populations, GEDT, relativeenergies, percentage of reaction progress and distances of the breaking and forming bonds, of the IRC structures S1 -S17 defining the sixteen topological phases along the most favourable reaction path associated with the monoepoxidation of R-carvone 8 with peracetic acid 9. Electron populations are given in average number of electrons, e, relative energies in kcal·mol -1 and distances in angstroms, Å.
Structures S1 S2 S3 S4 S5 S6 TS S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 Phases  I  II  III  IV  V  VI  VI VIII 
